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CHAPTER 1 
INTRODUCTION 
oilseeds occupy a very prominent place in 
agricultural produce all over the world, so as in 
Indian agriculture. It holds one of the most important 
position as it provides highly nutritional food for 
human and animal consumption. The seeds, containing 
fatty acids provide 2.5 times more calories as 
compared to carbohydrates. It also helps in transport 
of fat soluble vitamins (A, D, E and K) in the body. 
Besides, non-edible oils play a vital role in 
our daily life due to their substitutive value for 
many industries like soap, paints, varnish, hair oil, 
graease, and lubricant. 5y product of oilseeds are 
used for livestock food and manure. The oilseed crops 
include castor, ground-nut, linseed, nigerseed, 
rapeseed-mustard, safflower, sesame, soybean and 
sunflower. Palm also contribute to the oil in addition 
to all these. Oil of great commercial value is being 
extracted from the species such as sal, raahua, karanj 
and neem. There are fev; non-conventional sources of 
oil which are employed to increase the resources of 
vegetable oil in the country. Most important of them 
are cotton seed, rice-bran, maize-geim and tobacco 
seed. 
India has about 35% area of the world under 
oilseed cultivation, but produces about 7% of world's 
edible oil to meet the need of about 16% of the total 
world population. It stands at the top of the world as 
far as area under cultivation is concerned for niger, 
sesame, groundnut and linseed. Rapeseed is cultivated 
m 3.73 m ha m India, which keeps it to the third 
position m the world, ]ust behind the Canada and the 
China. Brassica furnishes commercially important 
rapeseed which is a member of family Cruciferae. This 
family has 160 species mostly biennial and annual 
herbs. Every part of the plant such as root, stem, 
leaf, inflorescence and seed imparts to their 
usefulness m one species or another. 
The term 'rape' derives from latin word "rapum" 
meaning turnip. Summer turnip rape, Polish rape, Toria 
and Sarson, are some of the names which is assigned to 
Brassica compestris. Distinctively three types of B. 
Compestris occurs m India viz. Brown and Yellow 
Sarson and Toria. One important species i.e. Brassica 
juncea or rai contributes remarkably to the oil crops 
in India due to highest content of oil in its seeds 
(30-42% oils) 
Due to languid production of oilseeds for last 
few decades, the country has driven down to the abyss 
of scarcity. India has to import edible oil every year 
which further stresses our already limited foreign 
reserves. 
The low production of oil seeds m India is due 
to several factors. Some of them are listed here: (i) 
more than 75% of the farmers have small or marginal 
holdings of less than two hectares (ii) only 15% of 
the area under oilseed is irrigated as compared to 72% 
under wheat and 44% under rice (iii) absence m 
Jvc; iCBTient of agricultural techniques for high 
yielding varieties post harvest technology and proper 
processing facil_t_es (iv) attack of pests and 
diseases, as ci^seeds are more prone to these. 
Survival of rapes are extremely intimidated by pests 
and insects, as former attacks the reproductive parts 
while the latter da mt ages vegetatives parts of the 
plants (v) number of flowers produced are more than 
pods, only 68% of flowers developed into pods (vi) low 
temperature influences the flower bud development and 
thereby lowers the seed yield. (vii) internal 
hormonal imbalance duimg the sink development (viii) 
improper source sink relationship. 
The per capita requirements of oils and fats is 
18 gm per day. To meet this standard India has to 
produce an additional 9 million tonnes of oilseeds by 
2000 A.D., which is at present 16 million tonnes. 
Therefore, enhancement of oilseeds production is one 
of the national priorities. For this, sixty two 
research centres has been established by Indian 
council for Agricultural Research m different regions 
of the country to deal with different oilseed crops. 
Various other projects have been undertaken to boost 
up the production of oilseeds But all these concerted 
efforts together could not help much to achieve the 
self sufficiency m the prodaction of oil. Experiments 
carried out to establish the role of nutrients m crop 
growth and development have produced positive results. 
Studies conducted at Aligarh have clearly manifested 
the importance of nutrients m regulating the growth 
and development of the crops. But the application of 
fertilizers to the crops has its disadvantages too. 
Among them large scale expenditure of already 
exhausted foreign reserves for importing the 
fertilizers is on one hand and on the other the 
addition of the fertilizers pollute water, when 
leached away and causes eutrophication. 
This has led to the option of enhancing the 
efficacy of the crops for reaping more solar energy 
and subsequently increasing the number of active sink 
and translocating the stored dry matter to the 
developed sink. 
In this context, the bioregulators can thought 
to be the trend setter. Their role in enhancement of 
the photosynthetic activity has been well established. 
These are also known to be actively involved in 
various physiological activities such as growth, 
flowering and ion-transport. (WAREING and PHILLIPS, 
1981) . Growth regulators maneuvers the flowering and 
fruiting by promoting or retarding them at desired 
time. Uptake and transportation of nutrients are 
affected by bio-regulators as proved by growth chamber 
and pot-culture experiments (BOSTRACK and STRUCKMEYER, 
1964; MULLER and LEOPOLD, 1966; KANNAN and MATHEW, 
1970). Nutrient deficient crops, exhibit the 
considerable reduction in phytohormone activity and 
thereby directly lowering the growth of the crop 
(MENARY and STADEN, 1976, MULLIGAN and PATRICK 1977, 
SALAMA and WAREING 197 9) . 
Among various nutrients, sulphur plays a 
prominent role in oilseed crops. Exploitation of 
nutrient resources depends on matching the supply with 
the plant demand. Sulphur is involved in the synthesis 
of proteins, oils and vitamins. Sulphur is also known 
to be constituent of the amino acids viz. methionine, 
cysteine and cystine. It becomes more important in 
mustard crop as it is a constituent of S-glycosides 
(mustard oil). The oilseed crop deficient in sulphur 
will show remarkable decrease in the seed as well as 
oil yield of the crop. It is, therefore, imperative 
to work out the interaction of growth regulators and 
sulphur for maximizing crop productivity through 
maintaining internal hormonal balance, C/N ratio and 
proper development of flowers into pods. 
This leads to design five pot (Sand-Culture) and 
field experiments on mustard, keeping in view the 
following persuits: 
1. To select the best growth regulator and its 
concentration for better growth, higher nutrient 
accumulation, higher yield and best quality 
characteristics. 
2. To authenticate the most suitable seed soaking 
duration in growth regulator selected from 
Experiment - 1. 
3. To. explore the most accurate growth stage for 
foliar application of growth regulator selected in 
Experiment - 1. 
4. To find out the effect of foliar spray of growth 
regulator (selected in Experiment - 1.) at stage 
(selected from Experiment - 3) on plants grown 
with varying levels of basally applied sulphur on 
performance of the mustard. 
5 . To endorse the effect of seed soaking duration 
(selected in Experiment - 2) in growth regulator 
(selected in Experiment - 1) with varying levels 
of sulphur on the performance of the mustard. 
6. To compare the efficacy of seed soaking and foliar 
spray of growth regulator in association with 
basal sulphur in augmenting crop growth and 
development. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Plant Hormones 
The development of hormone concept has its 
beginning as long ago as 1758, when DUHAMEL DU 
MONCEAU conducted experiments that led him to concieve 
about growth correlations in plants brought about by 
two saps, one moving forward and the other upward. But 
the presence of growth regulating chemicals in plants, 
was first suggested by SACHS, who proposed that "organ 
forming substances" were produced in leaves of plants 
and translocated downward. BAYLISS and STARLING (1902) 
introduced the concept of hormone while working on the 
digestive system of dogs. The plant scientist took 
sometime to adopt and incorporate the term hormone. 
FITTING (1909) was first to coin the terra plant 
hormone for the organic compounds controlling plant 
growth. 
The literature on plant hormones is repleted 
with variable attempts to define these substances. 
There are several natural and synthetic chemicals 
similar in structure and chemical properties, which 
illicit different growth responses, and it is 
ridiculous to include all under the same category of 
plant hormones. Most of the definitions are of the 
operational in nature i.e. they define hormones in 
terms of their biological activity. One of the widely 
adopted terminology for plant growth regulating 
substances is phytohormone (SIRCAR, 1971). 
A plant hormone may be more precisely defined as 
an organic substances other than nutrient active in 
very minute amounts which is formed in certain parts 
of the plants and which is usually transl 
other sites, where it evokes specific biochemical, 
physiological and morphological responses. Thus growth 
regulator is an organic substance which in low 
concentration promotes, inhibits or modify growth and 
development, whereas growth inhibitor is an organic 
compound that retard growth generally. Hence, all 
hormones are plant growth substances i.e. natural 
plant products, but the opposite is not true. There 
are literally hundreds of purely synthetic compounds 
which qualify as growth regulators but which are not 
hormones. 
The commonly recognised classes of phytohormones 
are the AUXINS, GIBBERELLINS, CYTOKININS, ABSCISIC 
ACID, ETHYLENE, BRASSINOSTEROIDS and hypothetical 
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FLORIGENS or ANTHESINS. An attempt has been made in 
the following pages to describe all the above 
mentioned hormones. 
2.1.1. AUXINS 
Discovery of auxin is the first among plant 
hormones and the credit goes to F.W. WENT for his 
contribution which led to the first definitive 
revelation of auxin. Reportedly it was 3. A.M. in the 
morning on 17th April, 1926 when he saw the 
successful result of his experiments. It is worthy to 
mention here that KOGL et al. (1934) used the term 
auxin (Greek auxein = to grow) for the first time, in 
their studies involving growth and phototropism of 
Avena coleoptiles. THIMANN (1969) defined "auxins" as 
organic substances which at low concentrations promote 
growth along longitudinal axis, when applied to shoots 
of plants and inhibit the elongation of roots. 
lAA is ubiquitous in the plant kingdom, but it 
may naturally occur in many species of non-seed 
plants, including many bacteria, fungi, and algae. In 
addition to lAA there are other substances in plants 
with similar capacity to stimulate growth, which may 
be an alternative sources or precursor for lAA. One 
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non indolic compound that is widely recognized as a 
naturally occuring auxin is phenyl acetic acid (PAA). 
KOGL and KOSTERMANS (1934) isolated lAA from yeast 
plasmolysate. HAGEN-SMIT et al. 11946) reported for 
the first time about the occurence of lAA in higher 
plants. Synthetic compounds which exhibit similar 
physiological action to that of lAA, and chemically 
diverse are categorized in five major groups viz. 
indole acids, naphthalene acids, chlorophenoxy acids, 
benzoic acids, and picolinic acid derivatives. 
Structures of some of the naturally occuring auxins 
are given in Fig.l and structures of some synthetic 
auxins are given in Fig.2. WENT (1928) noted the polar 
transport of auxin and found that auxin movement was 
greatest in the basipetal direction. GARDEN SHAW and 
WILKINS (1974) reported the lateral transport of lAA 
in shoots. WILKINS and SCOTT (1968) found that polar 
transport of lAA is in an acropetal direction in root 
segments. WILKINS and WHYTE (1968) observed that polar 
transport of lAA in both roots and shoots requires 
metabolic energy. 
There are number of responses induced by lAA 
which may involve at the cellular level or at the 
CH^-COOH CH^-CH OH 
Indole a c e t i c acid (lAA) Indole Ethanol 
CH2-COOH 
Phenyl a c e t i c acid Indole acetaldehyde 
CH — C ^ N 
Indoleacetonitrile 
Naturally occurrinq auxins and auxin procursorr. 
Fig. 1 
CHjCOOH 
0-CH-COOH 
(X naphthalene a c e t i c acid (NAA) 
CH2-CH2-CH2 
COOH 
Indo le b u t y r i c a c i d (IBA) 
CI 
O-CH^^OOH 
O-CH^-COOH 
CI 
2 , - 1 , 5 - 7 
Synthet ic auxins 
Fig. 2 
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organ and whole plant level. Effect at the cellular 
level may include cell division, cell elongation and 
cell differentiation. Effect at the plant organ level 
involves the phenomenon of geotropism, phototropism, 
apical dominance, leaf senescence, leaf abscission, 
flowering, fruit setting and fruit ripening. The 
mechanism of auxin action involves alteration in 
nucleic acid metabolism as proposed by KEY et al. 
(1967) and was confirmed by the findings of ZURFLUH 
and GUILFOYLE (1982) and THEOLOGIS and RAY (1982) . 
They reported that certain mRNA sequences appeared 
following application of lAA and 2,4-D to soybean and 
pea seedling stem segments. Another speculation is 
that auxin induces a decrease in pH in the vicinity of 
the wall, presumably by activating a membrane bound 
H"^-ion pump. BONNER (1934) reported that low pH of the 
incubation medium increased the extensibility and 
growth of coleoptile sections. But it was not 
confirmed until 1970, when RAYLE and CLELAND proposed 
that auxin-induced acidification was the mechanism by 
which cell wall loosening takes place. 
2.1.2. GIBBERELLINS 
The gibberellins are a large family of diterpene 
acids, isolated as metabolites of the fungus Fusarium 
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moniliforme, the imperfect stage of Gibberella 
fuj ikuroi. 
KONISHI (1898) for the first time described the 
"bakanae disease" (Foolish seedlings) of rice with 
characteristic symptoms of tall, spindly plants, but 
KUROSOWA (1926) for the first time reported GA from 
cell free culture of Gibberella fuj ikuroi. 
YABUTA (1935) assigned the name "Gibberellin" to 
the active factor in G. fujikuroi. Two teams STODOLA 
et al (1955) and BRIAN et al. (1954) working with 
large scale preparation of GAs from fungus cultures 
isolated an entirely new compound, which was named as 
"Gibberellin X" by the former team while latter opted 
the name "Gibberellic acid', which is universally 
accepted and retained. Structures of Gibberellic acid 
is given in Fig. 3. The number of GAs now known from 
all sources is about 76. 
LOCKHART (1957) observed that the natural GA of 
the pea plant is produced in the stem tip. PHILLIPS et 
al. (1967) found that GA synthesis occured in the 
young leaves of the apical bud. Root tips were also 
shown to be potential sites of GA biosynthesis. 
Transport of exogenously applied GA occurs in 
phloem as noticed by McCOMB (1964) while CHIN et al. 
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(1967) reported that the movement of applied GA is 
related to carbohydrate transport within the plant. 
The responses which is elicited by GAs include 
vernalization, senescence, and promotion of 
parthenocarpic fruits, in addition to it's role in 
dwarfism. 
The induction of enzyme activity in the 
endosperm by GA-^  suggested that the primary action of 
this plant growth regulator may be close to the gene 
level. However, it is not clear from the evidence 
presented so far whether the hormone operates directly 
at the transcriptional level, post - transcriptional 
level or translational level. 
2.1.3. CYTOKININS 
WEINSNER (1892) postulated the existence of 
specific substances which controls cell division, many 
years before such substances were originally 
discovered. However, credit goes to HABERLANDT (1913) 
who obtained first experimental evidence for such 
substance and coined the word "Wund hormone". MILLER 
et al. (1955) isolated and named it as "kinetin" from 
autoclaved herring sperm DNA and latter proposed that 
cytokinin be used to designate all compounds that 
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promote cell divisions and exert other growth 
regulatory functions. LETHAM et al. (1964) and MILLER 
et al. (1961) isolated naturally occuring cytokinin, 
working independently. Later, it was established that 
cytokinins are present as the odd base adjacent to the 
anticodon of all tRNAs that bind to those codons of 
mRNA in which the first code letter is "U". Structures 
of cytokinins have mentioned in Fig.4. 
The cytokinins are produced in meristematic 
regions and areas of continued growth potential. 
According to MILLER et al (1964) cytokinins are 
synthesized in the roots, particularly during the 
seedling stage and translocated to the upper parts of 
the plant. 
Cytokinins regulate many responses that may or 
may not be direct result of cytokinins. This include 
cell division, cell and organ enlargement, root 
initiation and growth and delaying of senescence. 
KIRALI et al. (1964) observed that the application of 
cytokinins impart immunity to the plant from viruses. 
Exogenously applied cytokinins exhibit very little 
movement and causes "mobilization effect", according 
to which a localized application of exogenous 
CHjOH 
H ^ ^ 
Zeatin 
HN-CH2-CH = C 
^CH3 
CH2OH 
H"^H 
0—^ 
/ 1 H 
HOH.C—C H H 
' \ —^C 
\ \ 
OH OH 
Zeatin r i bos ide or r i b o s y l 
Zeatin 
HC —CH 
/ W 
HN-CHn-C C 
Kinetin 
Structures of cytokinins 
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cytokinin to a leaf or part of a leaf delays 
senenscence in that localized portion and creates a 
sink to which metabolites are transported from other 
parts of the leaf or even other leaves. 
Primary mode of action involves binding of the 
active substance to a specific receptor molecule. 
BERRIDGE (1970) reported for the first time a binding 
factor of cytokinins to ribosomes. FOX and ERION 
(1975) discovered a high specificity and high affinity 
cytokinin binding protein. This binding in turn affect 
the regulation of gene activity as noted by "^ AT'^ '^^ SEE 
and ABRAMS (1970). TEPPER and FOSKET (1978) claimed 
that cytokinins may stimulate protein synthesis by 
stimulating the recruitment of previously untranslated 
mRNA into polysomes. 
2.1.4. ABSCISIC ACID 
LIU and CARNS (1961) isolated it in a 
crystalline form and named it as "Abscisin". Another 
abscission accelerating substance was discovered by 
OHKUMA et al. (1963) which they termed as "Abscisin 
II" from young cotton fruits EAGLES et al (1963) 
isolated an inhibitor from leaves of Setula pubescence 
which causes dormancy and suggested the term "dormin". 
17 
Regarding the biosynthesis of ABA, there is 
plenty of evidence which proves that mevalonate is an 
intermediate in the biosynthetic pathway (MILBORROW 
1974, ROBINSON and RYBACK 1969) . In other 
investigation xanthoxin was shown to be involved with 
the growth inhibitory activity with its subsequent 
conversion to ABA (SINDHU and WALTON 1987) . 
ABA affects growth and development which 
includes stomatal regulation, bud dormancy seed 
dormancy, abscission, seed-maturation and regulation 
of synthesis of proteins in barley aleurone. Addition 
of ABA to aleurone layers inhibits the expression of 
the GA-j induced alpha-amylase at the transcriptional 
level. HO et al. (1979) detected the induced synthesis 
of at least 16 polypeptides including an alpha-amylase 
inhibitor by ABA. 
2.1.5. ETHYLENE 
The Russian b o t a n i s t NELJUBOW (1901) i s b e l i e v e d 
t o be the f i r s t to recognize the growth r e g u l a t o r y 
p r o p e r t i e s of e thy l ene . But i t was not u n t i l 1934, 
when GANE in England obta ined a p o s i t i v e proof t h a t 
e t h y l e n e i s a n a t u r a l p l a n t p r o d u c t . S h o r t l y 
t h e r e a f t e r , HITCHCOCK e t a l (1935) p roposed t h a t 
IS 
ethylene is a fruit ripening hormone that acts as a 
regulator which was further supported by HANSEN 
(1943) , and KIDD and WEST (1945) . 
Ethylene is produced essentially in all parts of 
higher plants. Generally, meristematic tissue and 
nodal regions are the most vigorous sites of ethylene 
synthesis. Higher plants are not the only biological 
source of ethylene but FISHER et al. (1940) discovered 
that Penicillium digitatum also produces ethylene. 
Since then many reports of ethylene production by a 
variety of micro-organisms including Fusarium 
oxysporum. Aspergillus. clavatus. Aspergillus. flavus. 
Mucor. hiemalis. and Escherchia. coli. have come into 
account. 
LIBERMAN et al. (1964) have proposed that 
Methionine is the precursor of ethylene. The sulphur 
of methionine is recycled to maintain a steady rate of 
ethylene production demonstrated by ADAMS and YANG 
(1979). In addition to this, various kinds of stress 
such as presence of certain chemicals, chilling 
temperature, drought, flooding, radiation, insect 
damage, disease or mechanical wounding, promote 
ethylene production (ABELES, 1973). Ethylene 
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influences all phases of plant development right from 
seed germination to senescence. 
2.1.6. BRASSINOSTEROIDS 
JOHN W. MITCHELL and his CO workers in 1970 
reported that extracts of pollen from rape (Brassica 
napus) and alder {Alnus glutinosa) produced an unusual 
growth response that combined elongation. They 
suggested that the pollen of rape contains a totally 
new group of lipoidal hormones and they named it as 
"brassins". MITCHELL et al. (1970) again showed that 
brassins could enhance crop yield, crop efficiency and 
seed vigour. In 1975, the same group purified a 
material and termed it as "Brassinolide" from a large 
amount of bee collected rape pollen. Since then a 
large number, approximately 24, of steroids related to 
brassinolide have been isolated and identified from 
different plant sources including angiosperms, 
gymnosperms and algae. Pollen is the richest source of 
brassinosteroids (BRs) and it is reported from all 
parts of the plants. BRs cause elongation of the 
treated and upper internodes and evoke swelling, 
curature and splitting of the second internodes. 
MANDAVA (1987) reported that BRs action is mediated 
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through endogenous auxin. MANDAVA et al. (1987) found 
that growth effects induced by BRs depend upon the 
synthesis of nucleic acids and proteins. KALINICH et 
al. (1985) have detected the involvement of BRs in 
transcription and replication during growth. 
2.1.7. FLORIGEN 
CHAILAKHYAN (1936) coined the word "Florigen" 
for the one or more specific flowering hormones which 
are responsible for floral initiation. Florigen 
concept got its concrete base with the experiments on 
cocklebur {Xanthium strumarium) . MELCHERS (1937) 
proposed the name "Vernalin" for the hypothetical 
stimulus which develop during vernalization of cold 
requiring plants. After many decades', CHAILAKHYAN 
(1970) suggested the term "anthesins" for hypothetical 
flowering hormones. It has been suggested that the 
organ percieves the photoperiodic stimulus or 
substance and is translocated to vegetative meristems 
and causes their morphogenetic transformation into 
floral meristems. 
Every attempt to isolate and characterize the 
flowering stimulus has resulted in failure but a 
promising endeavour by LINCOLN et al. (1966) and 
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HAMNER et al. (1970) proved its usefulness. They were 
able to extract a substance that stimulates flowering 
from cocklebur, in the Lemna perpusilla under non-
inductive conditions. This unidentified material was 
named "Florigenic acid". 
LANG (1957) reported that flowering and stem 
elongation are two separate developmental processes, 
the former requires florigen while the latter needs 
GAs. CLELAND (1974) elucidated that the naturally 
occuring regulator salicylic acid could cause the long 
day plant Lemna gibha L. to flower under short day 
conditions. But it requires further to investigate and 
isolate the specific genes and gene products 
associated with the flowering process. 
2.2. MINERAL NUTRITION 
" and I CREATED BEAUTIFUL PLANTS AND ORCHARDS, 
WHOSE BRANCHES ARE LOADED WITH BEST FLAVOURED AND 
TESTIEST FRUITS. SO, WHICH OF THE FAVORS OF THE LORD 
WILL YE DENY? (AR. RAHMAN)". 
The very temptation of fruits has resulted in the 
existence of the species Homo sapiens as is a very 
important saying that "you can change the habit but 
not the instinct". From time immemorial, man has been 
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lured by the beauty and bounty of the plants. The ever 
abounding fascination of man in plants and in their 
growth and care through the centuries is therefore 
understandable. People from primitive agricultural 
societies undoubtedly observed that addition of plant 
and animal debris to the soil increased the crop 
yield. The discoveries of NICHOLAS (15th century 
A.D.), VON HELMONT, GLAUBER (17th century A.D.) and 
HALES, TULL, PRIESTLY, INGEN-HOUSZ AND SENEBIER (18th 
century A.D.) have laid the foundation of mineral 
nutrition. One more contributor to this field is 
WOODWORD (1699) , who observed that plants can survive 
and grow better in muddy water than in clear rain 
water, de SAUSSURE (1804) the "father of modern 
quantative plant physiology" demonstrated that the 
inorganic mineral elements contained in the ash of the 
plants are obtained from the soil via the root system. 
However, this brilliant attempt of the presentation of 
circumstantial evidence had to await the great 
strides taken by LIEBIG (1840) . He in his address to 
the British Association for the Advancement of Science 
provided the proof in support of de SAUSSURE. At the 
same time BOUSSINGAULT in France and LEWES and 
GILBERT, and SACHS and VILLE in England confirmed 
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these findings and elaborated other aspects of mineral 
nutrition of plants (RUSSELL 1950). ARNON and STOUT 
(1939) suggested the criteria of essentially for 
nutrients to the plants. In 1830, SACHS and KNOP were 
able to show that carbon, hydrogen, oxygen, nitrogen, 
phosphorus, potassium, calcium, sulphur, magnesium and 
iron are essential to the plant for normal growth and 
development, which were later grouped as major 
elements. In addition to these manganese, zinc, boron, 
copper chlorine and molybdenum are also essent-^ i^ l ''•"d 
with iron from the first list are categorized as micro 
elements. Nickel is also now considered as one of the 
essential elements taking total tally to seventeen 
(SALISBURY and ROSS, 1995) . The importance of macro 
and micro nutrients were demonstrated by SACHS (1860) 
and KNOP (1861) by employing the water culture 
technique. 
These elements influence various metabolic 
activities and are of immense importance of which, 
nitrogen, phosphorus and potassium are said to be 
primary elements. However, the importance of sulphur, 
particularly in oilseed crops is undoubtedly great. 
Keeping in view the specific nature of the problem, 
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the roles of sulphur in various plant processes are 
described here. 
2.2.1. SULPHUR 
Soil sulphur is found primarily in the organic-
fraction (QUASTAL et al. 1963), but it may also be 
present in mineral forms such as pyrite, cobaltite, 
gypsum and epsomite and in the soil solution as 
sulfate ion. Sulphur is taken up by the plant as the 
sulfate ion. Organic sulphur is made available to the 
plant through biological oxidation (WIKLANDER et al. 
1950). A small amount of sulphur can also be absorbed 
as SO2 gas by leaves from the atmosphere. Groundnut 
can absorb sulphur through its fruiting organs 
(gynopores) which account for a one-fourth of the 
total sulphur absorbed by the crop (CHAHAL and 
VIRMANI, 1974) . Sulphur uptake is not very pH 
sensitive and relatively immobile nutrient inside the 
plant. 
The amount of sulphur in plant varies 
considerably and may reach to a very high 
concentrations as observed by GILBERT (1951) in the 
brassicaceus plants (mustard family). Sulphur is 
involved in the protein structure in the form of 
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s u l p h u r b e a r i n g amino a c i d s c y s t i n e , c y s t e i n e and 
m e t h i o n i n e . Sulphur b e a r i n g v i t a m i n s a r e b i o t i n , 
th iamine and coenzyme A and metabol ic a c t i v i t i e s of 
t h e s e v i tamins and su l fhydry l groups in enzymes r e l i e s 
on the supply of su lphur . Sulphur forms, c r o s s - l i n k s 
in the p r o t e i n molecules and in conjunction with the 
p e p t i d e and hydrogen bonding a c t s to s t a b i l i z e p r o t e i n 
s t r u c t u r e . I t i s a c o n s t i t u e n t s of S -adenosy l 
methionine which in t u rn , i s important for l i g n i n and 
s t e r o l b i o s y n t h e s i s . The importance of sulphur i s well 
r e c o g n i z e d in Fe-S p r o t e i n s in p h o t o s y n t h e s i s , 
n i t r o g e n metabolism and f e r r edox in s y n t h e s i s . V o l a t i l e 
S-Compounds mainly di or po ly su lphides are the source 
of pungency in on ions (MENGEL and KIRKBY, 1987) . 
Sulphur i s a l so known to promote nodula t ion in legumes 
t h e r e b y promoting N2- f ixa t i on . I t i s a l so a s s o c i a t e d 
wi th the product ion of c rops of super io r n u t r i t i o n a l 
and market q u a l i t y . The symptoms of sulphur de f i c i ency 
invo lve a genera l c h l o r o s i s followed by the produc t ion 
of authocyanin pigments (EATON 1951). Unlike n i t r o g e n , 
s u l p h u r d e f i c i e n c y symptoms appea r f i r s t on t h e 
younger leaves and under severe condi t ions a l l the 
l e aves may undergo some l o s s of green colour (GILBERT 
1 9 5 1 ) . HALL e t a l . (1972) found t h a t s u l p h u r 
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deficiency in corn resulted in a marked decrease of 
stroma lamellae and an increase in grana stacking. 
EATON (1951) reported an increasing trend in the 
content of starch, sucrose, and soluble nitrogen under 
deficiency conditions, but the reducing sugars were 
decreased. 
2.3. Impact of Interaction of Growth Regulators and 
Nutrients on Performance of the Crops 
Extensive studies have been done with individual 
effect of growth regulators and nutrients for the 
improvement of crop growth and development. But it has 
been noted that, interaction effect of growth 
regulators and nutrients is very limited. Hence an 
effort has been made in the following pages to 
retrospect the available literature during the last 
three decades on the interaction of growth regulators 
and nutrients, either present endogenously or applied 
exogenously on the performance of the crops. 
ALVIM (1960) conducted an experiment to study 
the effect of gibberellic acid, urea and sugar sprays 
on net assimilation rate and growth behaviour of 
kidney bean (Phaseolas vulgaris L.) . He selected two 
week old red kidney bean seedlings and grown them in 
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Hoagland nutrient solution. The treatments were 
control (no treatment), sucrose spray (10% solution), 
urea spray (2% solution), gibberellic acid, spray (50 
ppm solution) sucrose + urea (10% and 2% respectively) 
sucrose + gibberellic acid (10% and 50 ppm), urea 
+gibberellic acid (2% and 50 ppm) and 
sucrose+urea+gibberellic acid (10%, 2% and 50 ppm 
respectively). It was found that net assimilation rate 
(NAR) and relative growth rate (RGR) were both 
increased by gibberellic acid. Sugar spray showed a 
similar effect in increasing NAR and RGR. Urea spray 
alone decreased NAR and RGR but urea in combination 
with sugar had stimulatory effect on NAR. Urea spray 
decreased plant height when applied alone but enhanced 
the height when sprayed in combination with 
gibberellic acid. In addition to this, gibberellic 
acid increased total dry weight but decreased root dry 
weight while sugar showed similar effect for total dry 
weight and counteracted the effect of gibberellic acid 
on root dry weight. Urea did not show any effect on 
dry weight. These findings indicated that gibberellic 
acid accelerated the mobilization of photosynthetes 
from the leaves to the stem. 
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ILAN (1962) carried out an experiment with 
etiolated 5-9 day old seedling segments of sunflower 
{Helianthus annuus) var. Jupiter, to visualize the 
stimulatory action of lAA on potassium uptake by plant 
cells with concomitant inhibition of ammonium uptake. 
He came at the conclusion that lAA had differential 
effect on cation movements viz. auxin had an 
inhibitory influence on the entry of ammonium and 
stimulatory effect on its release. However, opposite 
effect with potassium movement was noted. 
PALMER and PHILLIPS (1963) performed experiments 
in glass house on sunflower [Helianthus annuus) var. 
"Large Grey" to study the effect of terminal bud, lAA 
and nitrogen supply on the growth and orientation of 
the petiole of the plant. Experiments 1, 2 and 3 were 
devised to carry out in horticultural peat soil where 
available nitrogen was low. Six groups of three week 
old plants were made. Solution of ammonium sulphate 
for nitrogen was applied to three of the group at the 
weekly rate of 50 mg/ plant (low-nitrogen) , while 
other remaining group was supplied at the weekly rate 
of 300 mg / plant (high nitrogen) . The plants in one 
group were decapitated immediately above the 3rd node 
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and a cap of lanoline was applied to the top of the 
stem. Similar treatment was given to the second group, 
except the application of lanoline paste containing 
lAA at 0.1% to the top of the stem just after 
decapitation. They noted that high nitrogen level 
produced large dark green leaves while low nitrogen 
level resulted into the poor growth of the plant with 
abnormally small leaves. Remarkable increase in 
petioles was noted in each treatment at high nitrogen 
level, which was more than 50% than low nitrogen 
level. However, in experiment 4, they reached at the 
conclusion that decapitation of the petioles of the 
plants caused continuous elongation while this 
phenomenon of elongation rapidly ceases in the intact 
plants. 
BOSTRACK and STRUCKMEYER (1964) examined the 
effect of gibberellic acid on soybean {Glycine max) 
var. 'Hawkey' grown at different levels of nitrogen, 
potassium or phosphorus. Nitrogen was applied at the 
rate of 70, 210 and 630 mg/ 1, potassium at 117.8, 
235.6 and 1178 mg/1 and phosphorus at 16.0, 32.0 and 
160.0 mg/1 for low, normal and higher levels 
respectively for each treatments. 50 mg/1 aqueous 
solution of gibberellic acid was sprayed on the plants 
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twice in a week. It was observed that single 
application of higher dose of any of these elements 
could not counteracted the application of gibberellic 
acid, as was evident from the pale green colour of 
plant tissue. Untreated and GA treated plant with low 
nitrogen showed characteristic chlorosis of the lower 
leaves. GA treated plants showed the typical potassium 
deficiency symptoms which appeared slowly. Severity of 
the symptoms decreased as the potassium concentration 
was increased. Slightly lesser amount of phosphor'!'^  
was detected in GA treated plants as compared to 
untreated ones, recieving the same concentration of 
the dose of the elements. 
MULLER and LEOPOLD (1966) conducted an 
experiment to observe the mechanism of kinetin induced 
transport in corn {Zea Mays) leaves. Kinetin at 
concentration of 30 ppm (1.5 x 10" M) was applied as 
strips of filter paper of constant size on to the 
upper leaf surface. Radio isotopes such as p -
orthophosphate (KH2PO4, carrier-free), Na^^Cl (carrier 
free) , Rb^^Cl (specific activity 800 mc/mM), NaCl^^ 
(specific activity 0.02 mc/mM) and KI"'--^-'- (carrier 
free) were employed as indicator of transport. They 
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found that kmetin induced transport of p xn 
detached corn leaves was limited to the axial 
direction of the leaves and its movement was towards 
the base of excised leaf. Kinetin treated leaves 
attracted and accumulated p-^ '' and did not accumulate 
the radioisotopes Na^^, Rb^^, Cl^^ and I^^^. They 
reached to the point that "mobilizing centres" in 
isolated corn leaves stimulated a mass flow transport 
in the phloem. 
KANNAN and MATHEW (1970) studied the effects of 
growth substances on the absorption and transport of 
ion in bean {Phaseolus vulgaris L.) and maize {Zea 
mays L.) germinated in the dark. The foliar 
application of GA3 and TIBA (10"^M), CCC (5xlO"^M), 
Kinetin and AMO-1618 (10"^M) was done. The plants were 
then transferred to a nutrient solution devoid of Fe 
compound. After 3 days ^^Fe labelled FeSO^ was added 
to one of the primary leaves. In other experiment, 
bean and maize seedlings were put into the nutrient 
solution (without Fe) , containing GA-^ , CCC or Alar at 
the rate of 10~ M. It was observed that translocation 
of root absorbed Fe occured within the plants. 
Enhanced absorption of Fe was noted by the application 
of CCC and GA2. Downward transport of iron in the stem 
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and roots was increased by kinetin, CCC and AMO-1618. 
Treatment of roots with GA3 or CCC increased the iron 
absorption by the primary leaves. A significant 
decrease was noted in the transport of Fe from the 
primary leaf to upper shoot and to the stem and root 
by the treatment o£ TIBA. Growth retardants, such as 
CCC and Alar enhanced the Fe absorption. Fe-
translocation was much more affected by Alar than by 
GA3 or CCC. 
ILAN (1971) devised three sets of experiments 
show the hormonal regulation on the selectivity of ion 
uptake by plant cells of sunflower {Helianthus annuus 
L.) . In the first set of experiment, the leaf discs 
were subjected to sterile and non sterile treatments 
and incubated at 26°C in fluorescent light of about 
4000 lux for 24 hrs. In the second set of experiment, 
the cotyledons of sunflower were detached from 8 day 
old seedlings and transferred to petridishes 
containing 10 ml of 5 mM each of Tris-HCl buffer, KCl 
and NaCl. The dishes were incubated at 26°C in 
fluorescent light of about 4000 lux. In third set, 
seedlings were grown in vermiculite, in a growth 
cl hamber, at 26 C in a day length of 14 hrs., and 
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retained under the same condition throughout the whole 
experiment. About 0.05 ml of lanolin paste containing 
benzyladenine was spread on the distal third of the 
upper side of one of the cotyledons of each seedlings. 
A second portion of lanolin was applied 2 days later. 
It was observed that kinetin markedly promoted the 
absorption of potassium but suppressed the sodium 
uptake in sterile as well as in non sterile 
conditions. The effect of kinetin on K"*" uptake by 
detached cotyledons was similar to that of the leaf 
discs. Benzyladenine also brought about a significant 
elevation in the K"^  /Na"'' ratio in attached cotyledons. 
It was further concluded that cytokinins brought about 
a change in the selectivity of the cells of sunflower 
leaves and cotyledons towards K"'" and Na"*", such that 
the affinity of the cells for potassium was increased. 
ILAN et al. (1971) investigated the specific 
effects of kinetin on the uptake of monovalent cations 
by sunflower (Helianthus annuus L.) cotyledons. They 
grown the seedlings in vermiculite in dark at 26°C. 
Seedlings at 7d were removed and divided into 3 
slices by 3 transverse cuts. Samples of tissues were 
subsequently transferred to petridishes containing 5mM 
Tris-HCl buffer (pH 7.3). Cations were added as 
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chlorides or as nitrates at a concentration of 5mM 
each. The dishes were then incubated at 26°C, 
influorescent light of about 4000 lux for about 24 
hrs. Kinetin was shown to be involved in the promotion 
of uptake of K"*" and Rb"*" into detached sunflower 
cotyledons, concomitant acceleration of growth was 
also observed. Uptake of Li"*" was slightly promoted but 
no effect on Na"*" could be detected. In hypocotyl 
segments, K"*" uptake and growth was not accelerated by 
kinetin. 
MENARY and STADEN (1976) conducted an experiment 
to study the effect of phosphorus nutrition and 
cytokinins on flowering in the tomato (Lycopersicon 
esculentum. Mill). Tomato seeds were germinated and 
transplanted after one week in phosphorus deficient 
Hoagland solution. In a separate experiment kinetin 
was added at 10" , 10"^ and 10"^ M concentration to 
Hoagland's solutions. Kinetin treatment was given to 
the plants when seedlings had seven or eight leaf 
primordia. The seedlings were kept in the kinetin 
treatment for 7 days after that the plants were 
returned to normal Hoagland's solution. It was noted 
that phosphorus deficiency resulted in the reduction 
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of flower number. Seedlings treated with kinetin 
showed remarkable enhancement in number of flowers. 
PATRICK and WAREING (1976) conducted an 
experiment to observe the effect of auxin promoted 
transport of metabolites in stems of kidney bean 
{Phaseolus vulgaris L.) v^r. "Canadian Wonder" at the 
site of the hormone application. They used radio 
isotopes uniformly labelled [ C] sucrose, L-[ C] 
leucine and sodium [ C] carbonate for their 
experiment. Seedlings were treated either with plain 
hydrous lanolin or 0.1% lAA dispersed in hydrous 
lanolin. For [ C] leucine incorporation, the tissue 
slices were incubated in 0.5 uCi of L [ C] leucine. 
For uptake of [ C] sucrose, the slices of pretreated 
internodes were shaken for 2 hrs. at 25*-^ C each in 5 ml 
of an incubate containing 5 mM sucrose (labelled with 
0.5 uCi of [-'•'^C] sucrose) and 50 mM KCl adjusted to pH 
5.0. It was concluded that total uptake from 10" j^  
leucine solution was similar in both treated and 
control internodes and auxin pretreated tissues 
incorporated approximately twice as much C as the 
controls. The investigation involving [ C] sucrose 
revealed that the apical ends of stem segments treated 
with plain lanolin exhibited the lowest percentage of 
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sucrose thus indicating the greater relative rate of 
sucrose metabolism. It was further seen that auxin 
treatment had greater level of sucrose as compared to 
those of the respective lanolin controls. This was due 
to enhanced mobilization of metabolite in lAA treated 
plants. 
PRASAD et al. (1977) studied the mobilization of 
C-metabolites as induced by growth regulators in 
sunflower heads {Helianthus annus L.) var. 'Ec68415'. 
A mixture of NAA, GA and BA was applied at two ievcxs 
viz. (1 + 10 + 0.1) and (2+ 50 + 0.2) ppm for 2 days 
consecutively after the completion of pollination and 
fertilization. After 24 hrs. of the last application, 
CO2 was fed to the 4th leaf. In another set of 
experiment, TIBA (240 ppm) and TIBA and NAA (240 + 50 
ppm) were applied to the head before anthesis and 
feeding of CO2 was as in other experiment. In field 
experiment, two concentrations of TIBA with and 
without NAA was studied on seed filling in sunflower. 
They reached at the conclusion that mobilization 
increased with the treatment of the head with a 
mixture of these growthregulator. TIBA application 
resulted into the increase in total influx of C 
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metabolites into the head, TIBA and NAA further 
enhanced it. Addition of NAA to higher concentration 
of TIBA did not significantly increase the yield over 
TIBA alone was concluded from field experiment. 
MULLIGAN and PATRICK (1979) conducted an 
experiment on bean {Phaseolus vulgaris L.) var. "Brown 
beauty" to study the transport of assimilates in stems 
as affected by gibberellic acid. Six hours after 
treatment with GA-j, the source leaves were exposed to 
CO2 released from Na2 CO3. Following this exposure, 
1.5 cm portions of the stem stumps immediately below 
the treated part were cut. GA^ at concentration of 10 
mg/g elicited an optimal transport response. Moreover, 
the transfer of "'•'*C photosynthate to this 
concentration of GA-^  in lanolin was found to be 
comparable to that obtained using 10~^M GA3 in 1.5% 
agar. It was concluded that GA3 applied to the cut 
surface of decapitated mature stem tissue stimulated 
acropetal assimilate transport by acting locally at 
its point of application. 
RUDOLF et al. (1979) investigated the action of 
ABA on transport, accumulation and uptake of potassium 
ions and sodium ions in excised roots of barley 
[Hordeum vulgare) . They observed that 5 uM ABA 
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severely inhibited the transport oE K"*" or Na"*" across 
barley roots where external concentration of K"*" and 
Na'^  were 0.2 uM. The inhibition developed within 2-3 
hrs. , and was reversible when ABA was withdrawn from 
the solutions. Potassium ion transport was permanently 
inhibited when sulfate or chloride was the 
accompanying anion. In the presence of nitrate, ABA 
considerably increased the (vacuoles) accumulation of 
potassium ion compared to the controls. ABA increased 
the uptake and accumulation of Na"*". 
DELA GUARDIA and BENLLOCH (1980) examined the 
effect of potassium and gibbereLlic acid on stem 
growth of sunflower {Helianthus annuus) var. *Halcon'. 
They applied three levels of potassium viz. 0.0, 0.5, 
and 5.0 mM per pot. For each potassium level half of 
the seedlings recieved 10 ul of GAo solution and the 
other half a 0.05% (V/V) Tween solution. Application 
of GA-^  resulted in an increase in stem growth at all 
potassium levels, but the relative response of GA^ 
treatment decreased with increasing potassium levels. 
A ten fold increase in the length of the first 
internode was observed in plants grown without K but 
treated with GA^ . Application of GA3 enhanced an 
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unequal K distribution along the plant as evident by 
higher K contents of upper node than other parts of 
the stem. Reducing sugar increased by GA^ treatment 
particularly in K deficient plants. 
KAZIM and HESSIN MEHSIN (1980) conducted an 
experiment on tomato {Lycopersicon esculentum) to 
observe the effect of CCC and saline water. Tomato 
plants were grow in a soil mixture (Loam and manure 
2:1) and sprayed with different concentrations of CCC 
and were watered with saline solutions prepared f-^on^  
tap water and salt mixture containing equal parts of 
NaCl, CaCl2 and MgCl2 at different concentrations. 
There was a significant decrease in plant growth 
proportional to the CCC and salt concentration. 
Regarding the yield, salt treatment resulted in a 
significant reduction, while an increasing trend was 
observed with CCC. 
ZOFIA and KOZINSKA (1980) conducted an 
experiment on bean [Phaseolus vulgaris L.) to study 
the effect of phytohormone on absorption and 
distribution of ions in salt stressed condition. 
Plants grown in water culture were treated for 5 days 
either with NaCl or with 7-times concentrated nutrient 
solution control and stressed plants were treated for 
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24 hrs. with Zeatin and GA-^  . NaCl stress reduced ion 
absorption rate (K, Ca and P). Zeatin and GAo promoted 
K uptake but only in NaCl treated plants. In plants 
grown under both kind of stresses, Zeatin and GAo 
partially reestablished the ratio of the main mono to 
divalent cations which increased in the leaves and 
apical parts of the stressed plants. Ion uptake (K, 
Ca, Mg, P) was inhibited with the introduction of ABA. 
BANGAL et al (1982) conducted an experiment to 
note the effect of growth regulators and urea oa >ield 
attributes of gram {Cicer arientum L.) var. 'Chaffa'. 
Plants were treated with urea (0, 1 and 2%), 2,4-D (5 
ppm and 10 ppm) , Atrataf (5 pm and 10 ppm) , NAA (25 
ppm and 50 ppm) and CCC (500 ppm and 1000 ppm) as 
foliar spray at flowering and subsequent two sprays at 
an interval of 5 days. It was revealed that the foliar 
spray of growth regulators and urea at the time of 
flowering affected the grain weight per plant 
significantly. Highest grain yield was recorded with 
the treatment of 50 ppm NAA. Significant increase was 
observed in seed yield by foliar spray of 25 ppm NAA, 
1% Urea, 10 ppm Atrataf 500 ppm CCC, 50 ppm NAA and 5 
ppm 2,4-D. 
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VIKHE et al. (1983) conducted an experiment to 
study the effect of growth regulators on the pod 
number of pigeon pea [Cajanus cajan L.) var. 'No.148'. 
The spray treatments consisted of N;LA. (50 ppm, 100 ppm 
and 200 ppm) CCC (250 ppm, 500 ppm, 1000 ppm) and Urea 
(1%, 2% and 4%) and a control (without spray) . The 
first spray was applied at 50% flowering and two 
subsequent spray were given at 6 days intervals. It 
was observed that all treatments except NAA (200 ppm) 
and CCC (250 ppm) , significantly increased tb-^  total 
pod number at harvest over the control. 
ZHUKOV and REUTOV (1985) conducted an experiment 
to study the effect of combined application of 
fertizer, 2,4-D and CCC on the productivity of winter 
wheat (Triticum aestivum L.) var. 'Mironovskaya 808'. 
The experiment was done in a 4 cfield crop rotation. 
At the tillering stage the plots were treated with 
2,4-D (1 kg of active matter/ha) and CCC ( 4 kg/ha). 
Complex application of calculated rates of 
fertilizers, 2,4-D and CCC resulted in an increase in 
grain yield in the second rotation from 1.5 - 3% upto 
20%. 
GREWAL and GILL (1986) conduc ted a f i e l d 
experiment to study the in f luence of NAA and N on the 
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growth and yield of late planted paddy {Oryza sativa 
L). Foliar application of water or NAA at 100 and 200 
mg/1 was done at tillering and before panicle 
emergence stages grown under four levels of nitrogen 
(0, 60, 90 and 120 Kg/ha). Foliar spray of NAA 
significantly increased the grain yield as compared to 
water spray under low levels of N (0 and 60 kg/ha) 
owing to increase in the number of ear-bearing 
shoots/plant, number of filled grains/panicle and 
grain weight. Chlorophyll content of leaves, leaf area 
index and interception of photosynthetically radiation 
of the crop canopy also increased with the foliar 
spray of NAA and nitrogen. 
NAFZIGER et al. (1986) carried out an experiment 
on winter wheat {Triticum aestivum L.) vars. "HART, 
McNAIR 1003, PIKE, ROLAND and SCOOTY", to study the 
response to growth regulators and nitrogen. Nitrogen 
was applied as ammonium nitrate at the rate of 84 kg 
N/ha. Growth regulators such as CCC at 3.37 kg/ha 
applied at growth stage 5 (GS-5), mefluidide at 0.3 
kg/ha {GS-5) and ethephon at 0.28 or 0.56 kg/ha at GS-
9. It was observed that increasing the nitrogen rate 
from 84 to 168 kg/ha decreased average yield. 
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Mefluidide (0.03 Kg/ha) at growth stage 5 {GS-5) also 
decreased the yield. But application of CCC at 3.37 
kg/ha did not affect the yield. Ethephon applied at 
growth stage 9 had no effect on yield when applied at 
0.28 kg/ha but decreased yield when applied at 0.56 
kg/ha. 
CHANDRA et al. (1986) carried out an experiment 
to investigate the effect of growth regulators viz. 
GA-j, Penicillin (Pn) and their combination (GA+Pn) on 
the yield response of paddy {Oryza sativa L.) in 
presence of N, applied at heading. The crop response 
to added nitrogen at heading increased with GA, Pn and 
GA + Pn at concentrations of 20 ppm and showed a 
positive correlation with N level. 
HASENSTEIN et al. (1986) studied the interaction 
effect of Ca and auxin on root elongation in 
seedlings of maize {Zea mays L.) . The seedlings were 
raised either in presence Ca^ "*" [ (High Calcium (HC) 
Imbibed and raised in 10 mM CaCl2)] in the absence of 
additional Ca^ "*" [(Intermediate Calcium (IC) = imbibed 
and raised in distilled water)] or without additional 
Ca^ "*" and subsequently depleting them of Ca [ (Low 
Calcium (LC) = imbibed and raised in distilled water 
and subsequently treated with 1 milimolar EGTA)]. 
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Exposure of roots either to HC or IC seedlings and 
auxin concentration from 0.1 - 10 mM resulted in 
strong inhibition of elongation. In roots of LC 
seedlings, lAA as high as 10 u mole concentration 
caused only slight inhibition of elongation. Addition 
of 0.5 u mole Ca ion to LC roots in the presence of 
lAA allowed normal expression of the inhibitory action 
of hormone. It was further concluded that Ca ion may 
be necessary to the growth regulating action of auxin. 
STOPINSKA (1986) carried out an experiment to 
study the effect of growth regulators on some ion 
uptake in bean {Phaseolus vulgaris) . The growth 
regulators such as kinetin (10"'^ M) , GA3 (lO'^M) , lAA 
(10"^M) or ABA (5 x 10"^M) were introduced into 
Hoagland's solution for 24 h. The plant growth 
regulators affected the processes of ion uptake and 
their transport in relation to growth. In the same 
year, he further studied leaf growth transpiration and 
chlorophyll level in GA3 treated bean and leaf growth 
and transpiration intensity in ABA treated bean plants 
at two potassium concentrations (1 and 3 mM KNO3). 
Both GA3 and K"*" ions were found to stimulate growth of 
primary leaves and increased their potassium content. 
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In contrast, GA-^  slightly decreased the potassium 
content in leaves. Interaction between GA3 and K"*" ions 
was of additive in nature. The effect of ABA and K"*" 
ions on growth of both kinds of leaves were 
antagonistic. The inhibitory effect of hormone was 
stronger at higher potassium concentration in the 
medium. The potassium was shown to involve in 
modifying the physiological effect of the regulators 
and the sensitivity of bean particularly to ABA. 
DHAKAL and ERDEI (1986) studied the long term 
effects of plant hormones on K"*" levels and transport 
in young wheat plants of different K"*" status. The 
seeds of winter wheat {Triticum aestivum L.) var. 
"Martonvasari-8" were grown in the dark in 
petridishes and transferred into climate chamber. The 
nutrient solution, in addition to various chemicals, 
contained KCl ranging from 0.02 to 10.0 mM. NAA, BA, 
GA-j, ABA and etheral were used in the growth solutions 
in final concentrations of 0.01, 0.1 and 10 uM. They 
noted that both in shoots and roots, NAA, BA and ABA 
decreased K"*" and Na"*" levels more effectively in high 
K"*" plants than in low K"*" plants. GA3 and ethylene did 
influence K"*" and Na"*" levels. K"'"/Na''' selecting in roots 
of low K"*" plants was increased in favour of K"*" by BA, 
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NAA and to a lesser extent by ABA. In high K"*" plants 
only BA increased the K'^ /Na"'" ratio, whereas the 
effects of the other hormones were the opposite or 
less pronounced. Uptake of K"*" (^ R^b) was inhibited by 
NAA and BA in low K"^  plants but not in high K"^  (^ R^b) 
and uptake was inhibited throughout by 10 uM ABA. It 
was concluded that hormonal effects may quantitatively 
as well as qualitatively be modified by K"^  levels in 
the plants. 
PODER et al. (1988) conducted an experiment co 
investigate the effect of gibberellic acid and 
abscisic acid on the transport of phosphate in potato 
cuttings. Apical cuttings were taken from plants 
originating from sprouted tubers of solanum tuberosum 
L var. 'Sirtema'. The plants were grown in a 
controlled environment. p was supplied to a fully 
expanded leaf, the third to fifth counted from the 
apex. Hormones were applied either to tubers or 
leaves. GA^ or ABA solutions (10~ M) containing 0.05% 
teepol were applied to cotton wool wicks wrapped 
around the tuber and tuber plus cotton wool were 
enveloped in aluminium foil. In the second series of 
experiment GA3 or ABA (10~'^ M) with 0.05% teepol was 
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applied as a foliar spray to the shoot. Controls were 
sprayed with distilled water and teepol. It was 
observed that before tuberization, phosphate (•^ p^) 
supplied to a single leaf was transported 
preferentially in the young and growing parts of the 
plants viz., apical bud, young leaves and roots. After 
tuberization, the tuber became the principal site of 
phosphate accumulation. GA3 treatment (10"'^ M) of the 
tuber as well as of the leaves led to reduced 
transport of 32p into the tuber. In contrast, 
treatment of the tuber with ABA (10"'^ M) did not change 
the p distribution within the plant, while foliar 
spray with ABA greatly increased the transport into 
the tuber. 
GURUPRASAD et al. (1988) investigated the 
interaction effect of potassium ions and gibbrellin in 
the hypocotyl growth of chaulai (Amaranthus caudatus) . 
Seeds of A. caudatus L. var. *Lalsag' were exposed to 
a maximum of 3 min under green light. The treatment 
was carried out for 72 hrs. It was noted that when K''' 
was applied externally in the dark, hypocotyl growth 
was promoted in the seedlings. External application of 
GAT did not promote growth in the dark. GA^ was 
effective in the light and K"*" was synergistic with GA3 
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in promoting elongation. The inhibition of growth by 
CCC was also reversed by K"*". 
ERDEI and DHAKAL (1988) carried out an 
experiment on seedlings of winter wheat (Triticum 
aestivum L.) var. 'MV-8' to assess the effect of 
potassium status and phytohormones. Seedlings were 
grown in plastic beakers in a climate chamber. K"*" 
supplied as KCl and the concentration ranged from 0.01 
to 10 mM. For each hormone treatment, the nutrient 
solution in final concentration of 10"*^  to 10~~.I NAA, 
BA, GA3, ABA and etheral for ethylene were used in 
these experiments. It was observed that in low K"*" 
plants, GA3 , ethylene and ABA stimulated K"^(^^Rb) 
uptake in the concentration of 10 to 10 M, whereas 
at 10~^ M they had no effect. NAA and BA inhibited K"*" 
uptake at all concentrations, more effectively with 
increasing concentration. In high K"*" plants, the 
effects of GAj, ethylene and ABA were similar to those 
in low K"*" plants. However, BA and NAA had opposite 
effects stimulating the K"^  uptake. The application of 
BA inhibited the K"^  uptake and translocation in low K"*" 
plants, but stimulated in high K"*" plants. GA3 in low 
K"*" plants stimulated translocation. Ethylene exerted 
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stimulation in general, but at 10~ M it reduced 
translocation in high K"^  plants. ABA at 10" M 
strongly inhibited uptake but was without effect on 
translocation. 
BASHIST (1988) carried out experiments on 
sesamum {Sesamum indicum L.). var. 'Gujarat Tel 1' to 
study the effect of gibberellic acid on nitrate 
utilization. Seeds were germinated for 16 hrs. in dark 
and transferred to petridishes containing 10 ml 
Standard mineral medium (SMM) , containing 50 mg/1 GA-j-
For Control, seedlings were grown in SMM alone. After 
72 hrs., seedlings were rinsed with d^ionised water 
and transferred to fresh SMM containing different 
concentrations of KNO-^  and incubated in it for 6 hrs. 
It was noted that gibberellic acid treatment markedly 
inhibited nitrate uptake and its reduction. Sucrose 
(2%) when added in the incubation medium significantly 
reversed this inhibition. Further, sugars and 
chlorophyll content were also low and Hill reaction 
activity recorded inhibition in GA^ treated seedlings. 
SAWAN et al. (1980) carried out two experiments 
on cotton {Gossypium harhadense L.) var. 'GIZA 75' to 
investigate the influence of nitrogen (72, 144 or 216 
kg N/ha) phosphorus (36 or 72 kg P205/ha) and three 
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growth regulators (lAA, IBA or NAA) each applied to 
plants at 10 ppm as spray three times (70, 85 and 100 
DAS) . The combined analysis revealed that, oil protein 
and yield /ha increased by increasing N and P levels 
under the application of growth regulators. 
Application of growth regulators and high P level 
increased the seed oil percentage. The seed oil 
quality i.e. acid value, saponification value and 
iodine value tended to decrease slightly by increasing 
N rate and application of growth substances, while a 
reverse trend was noticed by raising P level. 
UPPAR and KULKARNI (1989) conducted a field 
experiment to determine the effect of nitrogen levels 
(0, 60, 90 and 120 kg/ha) and growth regulators 
(cycocel 2500 ppm, TIBA 250 ppm and kinetin 15 ppm) on 
seed yield and quality of sunflower {Helianthus annuus 
L.) var. "CMS234A". The results indicated that among 
nitrogen levels, 120 kg/ha recorded the highest seed 
yield and among growth regulators TIBA (250 ppm) 
produced highest seed yield, and interaction of these 
two registered significantly higher seed yield and its 
components. 
RAMOS et al. (1989) studied the effect of an 
early application of sulphur or ethephon as foliar 
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sprays on the growth and yield of spring barley 
{Hordium vulgare) in a mediterranean environment. It 
was found that both sulphur and ethephon produced 
similar results compared to control. An application of 
sulphur or ethephon at tillering increases grain yield 
by raising both the number of ears /plant and per plot 
without modifying the number of grains per ear or 1000 
grain weight. 
BASHITST (1990) carried out an experiment to 
study the effect of CCC on NO^" uptake and NRA in 
sesamum (Sesamum indicum L.) var. 'Tel Gujarat No. 1' 
Seedlings were grown in Standard mineral medium (SMM) 
containing 100 mg/1 CCC under continuous light. 
Control petridishes contained SMM alone. After 72 hrs. 
seedlings were transferred to petridishes containing 
10 ml different concentrations of KNO-, prepared in SMM 
and incubated for 6 hrs. Hyperbolic saturation 
kinetics were noted in N03~ uptake and NRA in both 
control and CCC treated seedlings. CCC promoted NO^' 
uptake as well as NRA. Total sugars were more in CCC 
treated seedlings than control, which accounted for 
higher NRA/NO3" uptake ratio in these seedlings. 
MEYYAPAN et al. (1991) conducted a field 
experiment under irrigated condition to study the 
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effect of plant growth regulators and micronutrients 
alone and in combination on chlorophyll content and 
Hill activity of ground nut {Arachis hypogea L.) var. 
'VRI-I'. The different treatment were water sprayed 
control, NAA (40 ppm), Triacontanol (3 ppm) MnSO^ 
(0.6%), Borax (0.2%), NAA tMnSO^, NAA + Borax, MnS04+ 
Triacontanol, Borax + Triacontanol. The treatments 
were given as foliar spray on 25th and 40th days after 
sowing and plant samples were collected at 15 days 
after each spray. Among the individual applications, 
NAA recorded higher total chlorophyll content and Hill 
activity over water sprayed control. The combined 
applications of NAA + Borax showed increase of total 
chlorophyll content and Hill activity. 
RANGACHARYA and BAWANKAR (1991) conducted field 
trials on pearl millet {Pennisetum typhoides) var. 
*WCC-75' to study the effect of growth regulators on 
nitrogen uptake, yield and grain protein. Nitrogen and 
phosphate fertilizers were applied at 60 and 30 kg /ha 
respectively at the time of sowing through urea and 
single super phosphate. The growth regulators such as 
NAA, lAA, Ascorbic acid. Salicylic acid Beta-naphthol 
and Resorcinol were applied as foliar sprays, 40 ppm 
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each at 30 and 45 days after sowing. It was concluded 
that NAA followed by lAA increased grain yield by 
15.75 and 14.0 percent over control. Nitrogen uptake 
in grains and fodder was significantly increased by 
NAA, lAA and Resorcinol treatments. 
BASRA et al. (1992) examined the calcium 
mediated changes in peroxidase and 0-diphenol oxidase 
activities of cotton {Gossypium barbadense L.) and its 
relation with ABA. The influence of ABA and calcium 
was investigated for soluble and wall bound activities 
of peroxidase and 0-diphenol oxidase at the stage of 
primary and secondary wall development. It was noted 
that ABA (10 uM) caused marked inhibition of enzyme 
activities in both the fractions, whereas calcium (1 
mM) increased the activities. It was further observed 
that the relative effect of Ca on the activity of 
peroxidase in the wall was much greater than on the 
soluble activity, but it was not true for 0-diphenol 
oxidase. 
AMAZALLAG et al. (1992) carried out an 
experiment to study the interaction effect of mineral 
nutrients, cytokinin and gibberellic acid on sorghum 
{Sorghum bicolor L. (Moench)) var. *610' grown at high 
NaCl. level. The daily increase in NaCl was 25 mol/m-^  
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u n t i l 150 mol/m^ was r e a c h e d . When the s a l t 
c o n c e n t r a t i o n was r a i s e d t o 300 mol/m^, i t was 
i n c r e a s e d stepwise by 75 mol/m-^ NaCl per day. Sorghum 
bicolor was able to grow a t 300 mol/m-^ NaCl only when 
h a l f s t r e n g t h Hoagland's s o l u t i o n was enr iched wi th 
m i n e r a l n u t r i e n t s . The optimum growth r a t e was 
observed in f u l l s t r e n g t h Hoagland 's s o l u t i o n . At high 
s a l i n i t y l e v e l s , a d d i t i o n of Cy tok in in (KN) o r 
g i b b e r e l l i c acid (GA) or a mixture of both induced a 
s i m i l a r e f f e c t on growth as obse rved wi th t h e 
i n c r e a s e d m i n e r a l n u t r i e n t s c o n c e n t r a t i o n . 
Phytohormones and inc reased minera l concen t ra t ion had 
s i m i l a r e f f ec t s p o s s i b l y because of imbalance in the 
phytohormones, r a t h e r than in minera l n u t r i e n t medium, 
in a d d i t i o n n u t r i t i o n a l e f f e c t a l s o apparen t ly ac t ed 
as s i g n a l involved in hormonal balance which al lowed 
growth at high s a l i n i t y . Exposure of sorghum to 300 
mol/m"^ NaCl caused a dec rease in the range of n u t r i e n t 
c o n c e n t r a t i o n which s u s t a i n e d growth. Adjustment of 
t h e n u t r i e n t c o n c e n t r a t i o n might have induced t h e 
s y n t h e s i s of endogenous KN and GA c o n c e n t r a t i o n s 
r e q u i r e d for growth. 
SMICIKLAS and BELOW (1992) suppl ied n i t r o g e n in 
NH^ "*" and NO3' form in a s s o c i a t i o n with cy tok in in to 
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study their effect on productivity of maize {Zea mays 
L) . Nitrogen was applied in granular form, either as 
calcium nitrate (N03~ plots) or urea (NH^ "*" + N03~ 
plot) . For the NH^ "*" + NO3 ~ plots, a large proportions 
of the N was maintained as NH^ "'' form by the 
application of an experimental nitrification inhibitor 
along with the urea. For growth regulator, 
approximately 1 litre of 22 uM 6-benzyl amino purine 
(BAP) plus 0.01% Tween-80 were applied to the entire 
vegetative portion of all plants. The pl^ts .ni I- did 
not recieve BAP treatment were treated with similar 
amount of a solution containing only 0.01% Tween 80. 
It was observed that supplying to the maize both N 
forms (NH^ "*" +NO3") resulted into optimization of 
productivity by enhancing reproductive development. 
For untreated plants, NH^ "*" +N03~ nutrition increased 
grain yield by 11% and whole shooL N content by 6% 
compared with predominantly NO^'. Cytokinin 
application to NO^" grown field plants increased grain 
yield to that of NH^ "*" +NO3" grown plants. Likewise 
hydroponically grown maize with NH^ "*" +NO3 ~ doubled 
anthesis, earshoot weight and enhanced the 
partitioning of dry matter to the shoot. During 
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vegetative growth, NH^ "*" +N03~ plants had higher 
concentrations of endogenous cytokinins, zeatin and 
zeatin-riboside in root tips than No^" grown plants. 
SUGIHARTO et al. (1992) carried out an 
experiment to show that cytokinin is required to 
induce the nitrogen dependent accumulation of mRNA for 
phosphoenol pyrurate carboxylase (PEPC) and carbonic 
anhydrase (CA) in detached maize {Zea mays L.) leaves. 
Intact maize plants indicated theit PEPC level was 
controlled by nitrogen availability. PEPC and CA mRMA 
level decreased in leaves detached from maize plants. 
Addition of high nitrate did not prevent this 
decrease. However, the addition of zeatin to solutions 
bathing the cut ends of the detached leaves inhibited 
the decrease of PEPC and CA mRNA level. Simultaneously 
it was observed that addition of high nitrate and 
zeatin to leaves detached from N-deficient maize 
plants caused a large and rapid increase in PEPC and 
CA mRNA levels. 
GAIKWAD and SUNDARA (19 93) conducted a field 
experiment to study the effect of planting method, 
plant growth regulators and nutrients on short 
duration sugarcane {Saccharum officinalis L.) var. 
'C08338'. They planted the plants at 60 and 90 cms 
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rows and applied growth regulators (GA-, +NAA) on 
leaves and nutrients (Urea + KCl) was added to the 
plants. It was noted that the foliar treatment of 
gibberellic acid (GAj) resulted in the highest yield 
which was 20% more than the control. The highest sugar 
yield was recorded in the ring system against the row 
spacing. Foliar application of GA3 and Urea +KC1 also 
improved the juice quality and sugar yield. 
PEPSCI et al (1993) carried out an experiment to 
study the effect of ABA and KCl on proline 
accumulation in durum wheat {Triticum durum L) 
genotypes. They incubated leaf segments in the 
presence of 0.1 mM ABA and 30 mM KCl. It was observed 
that there is a strong synergistic enhancement of 
proline accumulation in barley, while it was additive 
in wheat. In wheat leaf, proline content after 
treatment with KCl or with ABA or with ABA + KCl, was 
positively correlated, while in barley a positive 
correlation was found only in the case of KCl 
treatment. 
GREWAL et al (1993) conducted a field experiment 
with three nitrogen levels (0, 50 and 100 kg N/ha) and 
seven concentrations of growth regulators (CCC at 80, 
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250 and 500 ppm, ethrel at 500, 1000 and 1500 ppm 
apart from control of water spray), on gobhi sarson 
{Brassica napus L.) to study their effect on sink 
capacity and yield. It was noted that foliar spray of 
CCC and etheral caused reduction in plant height at 
all the levels of nitrogen and the reduction was more 
in the absence of nitrogen. Application of 50 kg N/ha 
and spray of CCC at 250 ppm and ethral at 1500 ppm 
significantly improved the grain yield. Oil content 
increased significantly with application of 50 kg 
N/ha. CCC and ethrel spray did not influence the oil 
content in seed. 
NAYLOR and STEPHEN (1993) carried out a field 
trial on Triticale var. 'Lasko' involving the 
treatment with the plant growth regulator CCC at 
various growth stages but always at 0.5 kg a.i /ha, 
and different levels of nitrogen ranging from 0 to 180 
kg N/ha to study the grain size, nitrogen content and 
amino acid composition. It was noted that mean grain 
weight generally declined as yield increased, whether 
with nitrogen or with chlormequat (CCC) . Early 
application of CCC increased the proportions of 
aspartic acid, histidine and alanine and decreased 
leucine. Late application had no effect on the 
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proportion of histidine, but increaised aspartic acid, 
glutamic acid and leucine. 
AGRAWAL et al (1994) studied the impact of 
foliar spray of growth regulators on nutrient dynamics 
of berseem (Trifolium alexandrium L.) . The spray 
treatment of lAA, GA and 2,4-D at the rate 25 ppm and 
50 ppm each were applied at vegetative (30 days), bud/ 
flower initiation stage (120 days) and after the 
maximum dry weight obtained in control (180 days) . It 
was reported that the average percentage nitrogen, 
phosphorus, potassium in above ground parts were 
observed in GA (50 ppm) sprayed plots. The maximum 
uptake of nutrient in above ground parts was found in 
GA (50 ppm) sprayed plots for nitrogen, phosphorus and 
potassium. The maximum net loss oE nutrients through 
litter and roots was observed in GA 25 ppm sprayed 
plots for nitrogen, phosphorus and potassium. 
2.4. CONCLUDING REMARKS 
It is established that phytohormones play a 
crucial role in modifying growth and yield behaviour 
of several agricultural and horticultural crops. The 
interaction effect of plant growth regulators with 
nutrients has paramount importance in increasing 
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growth and productivity of the crops. However, studies 
with interaction of growth regulators with sulphur has 
not been done so far. Thus, it is highly desirable to 
study the effect of growth regulators with sulphur on 
performance of oilseed crops. It may be emphasised 
here that rapeseed-mustard is one of the major crops 
among the oilseeds cultivated in our country, the 
importance in national context has been discussed in 
Chapter 1. 
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CHAPTER 3 
MATERIAL AND METHODS 
3.1. PROPOSED STUDY 
To achieve the objectives contrived in Chapter 
1, it is proposed to conduct five experiments on 
mustard {Brassica juncea L Czern St Coss) Var Varuna. 
These experiments will be conducted in pots using 
sand culture method at Botany Department and 
simultaneously in the field at Agricultural Farm of 
Aligarh Muslim University, Aligarh (INDIA). 
3.2. Pot Experiments (Sand Culture) 
3.2.1. Preparation of Pots 
Earthen pots before being filled with the sand 
will be internally lined with polythene sleeves, whose 
lower end will pass through the bottom hole of the pot 
and twisted loosely in order to facilitate the 
drainage and adequate aeration. The pots will be then 
placed on raised slabs in the net house of the 
Department of Botany. 
3.2.2. Sand Purification 
The method of HEWITT (1966) will be applied to 
purify the coarse sand. The washing of the sand under 
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the tap water will remove the major contaminants and 
then the sand will be left in 18% hydrochloric acid 
for overnight. Further purification will be done by 
percolating tap water upwards by means of a glass tube 
taken to the bottom of the container and moved around 
from time to time. Final washing of sand will be done 
by de-ionized water. This sand will be free from 
undesired elements and suitable for culture of 
plants. 
3.2.3. Nutrient Solution 
The composition of the complete nutrient 
solution will be similar to that used by HEWITT 
(1966) . The stock solution (Table 1) will be diluted 
(Table 2) for watering the plants. 
3.3. Field Experiments 
For the preparation of field diligent ploughing 
will be done to turn the soil for adequate aeration. 
This will be helpful for eradication of the weeds. One 
more ploughing will finally make it weeds free at the 
cessation of rainy season. Design of the experiment 
will be taken into consideration to prepare the plots. 
One light irrigation will be done to keep moisture in 
Table 1; Concentration of the Standard Stock Solution 
Macronutrients Percentage 
Ca(N03)2 anhydrous 32.8 
KNO3 2 0.2 
MgS047H20 18.4 
NaH2P04 2H2O 20.8 
FeCgH^O^ 3H2O 0.598 
Micronutrients 
MnSO^ 4H2O 2.230 
CUSO4 5H2O 0.250 
ZnSO^ 7H22 0.290 
H3BO3 1.860 
(NH^lg MO7O24 4H2O 0.088 
Table 2; Nutrient Solution Used 
Standard Stock Solution Volume of Nutrient 
Solution (ml/litre) 
Ca (N03)2 anhydrous 
KNO3 
MgSO^ 7H2O 
NaH2P04 2H2O 
Ferric Citrate 
Micro nutrients 
2.0 
2 .0 
2 .0 
1.0 
0.5 
0.1 
Deionized water 992 .4 
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the sub surface of the soil before sowing. Homogenous 
broad casting of approximated fertilizer will be done 
in each plot just prior to sowing. The seeds will be 
dispensed in furrows prepared by hand drawn plough of 
13-15 cms depth at the seed rate of 10 Kg/ha. 
3.4. Soil Characteristics 
Just before each sowing, soil samples from each 
plot will be collected from a depth of about 10-15 
cms. A consummate mixing of collected sample will b _ 
done to get the composite sample. This, m *'urn, will 
be analyzed for various physico-chemical properties of 
the soil, according to the programme mentioned in 
Table 3. 
3.5. Seeds 
Uniform seeds will be selected from the bulk and 
their viability will be tested before sowing. Seeds 
will be surface sterized by using alcohol or 0.1% 
mercuric chloride. 
3.6. Proposed Experiments 
Each year, experiments will be conducted in sand 
culture as well as in the field. En sand-culture and 
field experiments, established agronomic practices 
Table; 3 Physico - Chemical Characteristics of Soil 
of the Field Used for Exp 1 - 5 
Characteristics Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 
Texture 
pH(1:2) 
EC(m mhos/Cm) 
Available 
Nitrogen (KgN/ha) 
Available 
Phosphorus (Kg P/ha) 
Available 
Potassium (Kg K/ha) 
Available 
Sulphur (Kg S/ha) 
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w i l l be adopted. 
In sand c u l t u r e e x p e r i m e n t s , f i n e s t e r i l i z e d 
s e e d s w i l l be sown a t t h e dep th of 2 cm. A f t e r 
g e r m i n a t i o n t h r e e p l a n t s / po t w i l l be m a i n t a i n e d . 
Hoagland n u t r i e n t s o l u t i o n and deionized water wi th 
r e q u i r e d quan t i ty according t o the stage of growth of 
p l a n t w i l l be supplied at a l t e r n a t e day. 
In f i e l d experiments a f t e r p repa ra t ion of the 
e x p e r i m e n t a l p l o t s p l o t s as d e s c r i b e d e a r l i e r a 
uniform basa l dose of 90 Kg N, 30 Kg P and 30 Kg K/ha 
as urea , monocalcium superphosphate and muriate of 
po tash r e s p e c t i v e l y w i l l be app l i ed to the s o i l a t the 
t ime of seed sowing. The seeds w i l l be sown in the 
f i r s t week of October , by t h e usua l "behind t h e 
plough" method at the r a t e of 10 kg/ha. Rows w i l l be 
s e p a r a t e d by the d i s t ance of 22.5 cms while the p l a n t s 
in the row wi l l be keep apa r t by 15 cms. Uniformity of 
t h e p l a n t p o p u l a t i o n w i l l be m a i n t a i n e d a t t h e 
e s t a b l i s h m e n t . Each t r e a t m e n t w i l l be r e p l i c a t e d 
t h r i c e . Crop wi l l be i r r i g a t e d twice during the e n t i r e 
growing season. I n s e c t i c i d a l spray with Dimecron - 100 
w i l l be done to check the aphid i n f ec t i on , if t a k e s 
p l a c e . 
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Sampling in each experiment will be done at 50, 
70 and 90 days after sowing for growth 
characteristics, physiological parameter and nutrient 
accumulation. Yield and quality characteristics will 
be studied at the harvest. 
3.7. Experiment 1 
This experiment will be conducted in the first 
year to study the comparative effect of soaking of 
mustard {Brassica juncea. L. czern &. coss) var. Varuna 
seeds for 8h in growth regulators Alar, CCC, CPIA, 
Difenzoquat at the concentrations of 0, 10~°, 10"^ and 
10"* M. From this experiment, the most suitable growth 
regulator and its concentration for higher growth, 
nutrient accumulation, yield and quality 
characteristics of the crop will be worked out. Scheme 
of the treatment is given in Table 4. 
3.8. Experiment 2 
T h i s exper iment w i l l be c o n d u c t e d next y e a r 
acco rd ing to f a c t o r i a l randomized block design during 
win t e r season . I t w i l l be based on the f indings of 
experiment 1. The object of t h i s experiment wi l l be to 
e s t a b l i s h t he most s u i t a b l e s o a k i n g d u r a t i o n . The 
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seeds will be soaked for 8 h and 12 h in different 
concentrations of growth regulator selected in 
Experiment 1. Scheme of the treatment is given m 
Table 5. 
3.9. Experiment 3 
This experiment will be performed simultaneously 
with Experiment 2 according to factorial randomized 
block design, during the "rabi" season The object of 
this experiment will be to establish tne most suitable 
stage of growth for the foliar spray or growth 
regulator selected m Exp. 1. Foliar spray will be 
done at 40, 60 and 80 days after sowing (DAS) 
corresponding to vegetative, flowering and fruiting 
stages of the crop growth respectively. The 
concentrations of the growth regulators will be same 
as in Experiment 2. The scheme of the treatments is 
given m Table 6. 
3.10. Experiment 4 
This experiment will be conducted according to 
factorxal randomized block design m the next 
consecutive year. This experiment will be aimed to 
explore the effect of spray of best growth regulator 
(selected m Exp 1) at the rost suitable growth stage 
n 
c 
E 
w 
0) 
a 
X 
K 
O 
c 
E 
•u 
S! 
O 
u 
E-
u 
E 
o 
x: 
u 
w 
1 W 
1 ^ 
1 u 
1 «3 
1 E 
1 a> 
1 ee: 
1 "—^ 
1 a; 
1 < 
1 Q 
1 • — 
1 C O 
1 >. 
1 cC 
1 D 
O 1 
00 1 
O 1 
VC 1 
O 1 
1 aOrJ- 1 
1 C 
1 '^^ 
1 > . 
1 oi 
1 ^ 
1 a o 1 
1 w 
1 C 
1 G 
1 •'^ 
1 -^ 
1 cC 
1 t-' 
1 ->-' 
1 C 
1 O 
1 O 
1 C 
1 O 
1 U 
1 x: 
1 ''-' 
1 > 
1 O 
1 U 
•—- 1 
1/5 1 
0) 1 
— 1 
O 1 
2 1 
—^^  1 
Ui 1 
O 1 
• » - ' t 
cC 1 
1 — > 1 
P 1 
m t 
0) 1 
1 O Di 1 
o 
o 
>. 
CU 
C/5 
C/2 
< 
O 
o 
00 
T3 
C 
+ 
I 
o c 
tr, 
I 
C 
I 
o 
y-< 
• • - ' 
c 
OJ 
E 
• r -
l-i 
<u 
a 
X 
w 
c 
GO 
•r^ 
m 
a 
•o 
jx: 
u 
o 
^ - H 
X) 
TS 
0) 
N 
•r^ 
E 
O 
"D 
C 
Rj 
(^  
• — 1 
a 
o 
"C 
0) 
• * - ' 
o (U 
-—' 
o (T. 
i^ 
c 4-> 
cC 
— < 
3 
ac 
m t-< 
j r 
• * - > 
? 
o (H 
o 
1 
t 
X 
U 
cC 
t 
1 
+-" 
c 
o E 
• — 
;-
0) 
a 
X 
<u 
(U 
x: 
•4-> 
< ! - , 
o 
c 
W) 
•p-( 
K 
<u Q 
v, 
E 
0) 
E 
u 
O 
> 
a 
• * 
w 
ex 
3 m 
CO 
O 
c 
o 
E 
c 
c 
rt 
u 
o 
E 
r-
u 
E-
C K 
o ~ 
C O 
O S 
? 3 
O be 
O tC 
V, 
> 
> 
a; 
C 
3 
x; 
a 
3 
+ + + + 
+ + 
+ + + 
+ + + 
+ + + + 
I ) 
C O 
. 
^ H 
4 - ' 
C 
<U 
E 
.^ 
p 
Q; 
a 
^ 
w 
c 
••-J 
' o 
U 
<-J 
u 
a 
— 
OJi 
^r 
L., 
-t-> 
c:' 
— 1 
3 ' 
ao 
5.1 
u 
x: 
4-> 
3" 
0 
u 
O 
1 
* 
x 
r~t 
• M 
C 
E 
• - H 
t - l 
<u 
a 
X 
w 
E 
o 
\-t 
V -
T3 
o 
+-» 
o 
0" 
— 
0) 
to 
>. 
ci 
f-
a 
X 
i-
o 
t ^ 
o 
a£ 
rt 
-^  tc 
x: 
4-> 
S 
G 
w 
O 
1 
4» 
> • 
c 
0 
— 
^ 
•o 
<u 
N 
•f-^ 
E 
O 
•o 
c 
ctf 
^H 
—• 
cfl 
••--(-. O 
•M 
u 
5i 
fcL. 
1 
1 
« - l 
0) 
E 
— 
u 
t ) 
a 
X 
o 
0) 
*-> 
•*-, 
o 
c; 
O 
67 
(selected in Exp.3) along with five levels of basally 
applied sulphur on the performance of the crop. Scheme 
of the treatment is given in Table 7. 
3.11. Experiment 5 
This experiment wil] be conducted simultaneously 
with Experiment 4 according to factorial randomized 
block design. The object of this experiment will be to 
study the effect of soaking of seeds (Soaking duration 
selected in Experiment 2) in the growth regulator 
(selected in Experiment 1) along v/ith five levels of 
basally applied sulphur on the performance of the 
crop. Scheme of treatment is given in the Table 8. 
3.12. Sampling Technique 
One plant from each replicate of the pot and 
three plants from each plot will be rooted out, with a 
hand hoe, containing the entire root system at various 
developmental stages for assessment of different 
growth characteristics and accumulation of N, P, K and 
S in plants. At harvest pod number will be counted 
from each replicate and the pods will be dried under 
sun and thrashed. Hand winnower will be employed for 
winnowing. The yield/plant will be noted. For field 
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experiments, spacings of the plants will be used to 
calculate the yield /ha. Seeds will be stocked for 
estimation of the other yield and quality 
characteristics. 
The following pages deals with the parameters 
studied at different growth stages and harve^^t. The 
method employed in studying various characteristics is 
discussed. 
3.13. PHYSIOLOGICAL CHARACTERISTICS 
3.13.1. Growth Characteristics 
The following growth characters will be studied 
at 50, 70 and 90 days after sowing (DAS) 
1. Shoot length / plant 
2. Root length / plant 
3. Shoot dry weight / plant 
4. Root dry weight / plant 
5. Leaves dry weight / plant 
6. Leaf number / plant 
7. Leaf area / plant 
8. Total dry weight / plant 
9. Leaf area index (LAI) 
10. Crop growth rate (CGR) 
11. Net assimilation rate (NAR) 
12 Relative growth rate RGR' 
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3.13.2. Nutrient Accumulation 
1. Accumulation of N / plant 
2. Accumulation of P / plant 
3. Accumulation of K / plant 
4. Accumulation of S / plant 
3.13.3. Yield Characteristics 
The following yield attributes will be 
studied at harvest. 
1. Pod number / plant 
2. Seed number / plant 
3. 1000 seed weight 
4. Seed yield (gm /plant and kg / ha) 
5. Oil yield (Kg/ha) 
3.13.4. Quality Characteristics 
The oil will be analysed for the following 
quality characteristics 
1. Oil content (%) 
2. Acid value 
3. Iodine value 
4. Saponification value 
5. Fatty acid composition 
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3.14. Details of Some Physiological Characteristics 
3.14.1. Leaf Area Index (LAI) 
Gravimetric method will be used to calculate the 
leaf area. The leaf area of about 10% of the leaves 
from each treatment and replicate will be estimated by 
tracing on a graph sheet and the dry weight for these 
leaves will be recorded. The leaf area/ plant will be 
estimated by using the leaf dry weight / plant and dry 
weight of these leaves for which the area was 
estimated. Formula suggested by WATSON (1958) will be 
employed to calculate the leaf area Index. 
Leaf area 
LAI = --
Ground area 
3.14.2. Crop Growth Rate (CGR) 
The calculation of crop growth rate will be 
based on the formula suggested by WATSON (1952). 
dw 1 
CGR = X 
dt P 
Here, 
dw - difference in dry weight at a given time. 
dt - time interval 
P - land area 
Unit - g/m /day 
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3.14.3. Relative Growth Rate (RGR) 
Relative growth rate will be calculated 
according to the formula given by RADFORD (1967) . 
InWj - InW^ 
RGR = 
t2 - tl 
2.303 (logj^ Q W2 - log^ o^ ^1^ 
i.e. RGR = 
t2 - tl 
Here ; 
W-| - Dry weight of plant at I growth stage. 
tl - days to sampling at I growth stage. 
W2 - dry weight of plant at II growth stage. 
t2 - days to sampling at II growth stage. 
Unit - mg/g/day 
3.14.4. Net Assimilation Rate (NAR) 
Net assimilation rate will be calculated 
according to MILTHORPE and MOORBY (1979) . 
W2 - W]^ (In L2 - InL]^) 
NAR = X 
t2 - tl L2 - L-j^  
W2 - ^i 2.303 {log-^Q'L2 - ^°9io'^i^ 
i.e. NAR = X 
t2 - tl L2 - L-L 
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Here ; 
Wl - dry weight / plant at I growth stage. 
L-[ - Leaf area / plant at I growth stage. 
tl - days to sampling at I growth stage. 
W2 - dry weight / plant at II growth stage. 
L2 - Leaf area / plant at II growth stage. 
t2 - days to sampling at II growth stage. 
In - logarithm to base e 
log-,Q - logarithm to base 10 
Unit - g/m^/day 
3.15. Nutrient Accumulation in Different Plant Parts 
Based on the nitrogen, phosphorus, potassium and 
sulphur content (%) of different plant parts viz. 
stem, leaf and root at different sampling stages and 
their respective dry weight at these stages, the NPK 
and S accumulation in different parts will be 
calculated and the total accumulation /ha will be 
computed from these values. The details of estimation 
of NPK and S are described in the following pages: 
3.16.1. ESTIMATION OF NPK AND S 
3.16.1.1. Digestion of Plant Samples 
100 mg of the oven dried powder of each sample 
will be transferred to a 50 ml Kjeldahl flask to which 
73 
2 ml sulphuric acid will be added. The contents of the 
flask will be heated on temperature controlled 
assembly for about 2 h to allow complete reduction of 
nitrates present in the plant material by the organic 
matter itself. As a result, the contents of the flask 
will turn black. After cooling the flask for about 15 
minutes, 0.5 ml of 30% H2O2 will be added drop by drop 
and the solution will be heated again till the colour 
of solution is changed from black to light yell 
Again after cooling for about 30 minutes an additional 
3-4 drops of 30% H2O2 will be added, followed by 
heating for another 15 minutes. The addition of 30% 
H2O2 followed by heating will be repeated if the 
contents of the flask remain coloured. The peroxide 
digested material will be transferred from Kjeldahl 
flask to 100 ml volumetric flask with three washings, 
each with 5 ml double distilled water (DDW) . Volume of 
the volumetric flask will be made upto the mark with 
DDW. 
3.16.1.2. Estimation of Nitrogen 
Nitrogen will be estimated according to LINDNER 
(1944). A 10 ml aliquot of the above digested material 
will be taken in a 50 ml volumetric flask. To this, 2 
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ml of 2.5 N sodium hydroxide and 1 ml of 10% Sodium 
silicate solution will be added to neutralize excess 
of acid and to prevent turbidity respectively. The 
volume of the solution will be made upto the mark with 
the distilled water. In a 10 ml graduated test tube, 5 
ml aliquot of this solution will be taken and 0.5 ml 
of Nessler's reagent will be added. The final volume 
will be made with distilled water. The content of the 
tube will be allowed to stand for 5 minutes for 
maximum colour development. The solution will b'^^ 
transferred to a colorimetric tube and the optical 
density (O.D) will be read at 525 nm with the help of 
a spectrophotometer. 
3.16.1.3. Standard Curve for Nitrogen 
50 mg ammonium sulphate will be dissolved in 1 
litre DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9 and 1.0 ml will be pipetted to ten 
different test tubes. The solution in each test will 
be diluted to 5 ml with DDW. In each test tube 0.5 ml 
Nessler's reagent will be added. After 5 minutes the 
optical density will be read at 525 nm on 
spectrophotometer. A blank will be run with each set 
of determination. Standard curve will be plotted using 
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different concentrations of ammonium sulphate solution 
versus optical density (O.D) and with the help of this 
standard curve the amount of nitrogen present in the 
sample will be determined on dry weight basis. 
3.16.1.4. Estimation of Phosphorus 
The method of FISKE and SUBBA ROW (1925) will be 
used to estimate the total phosphorus in the digested 
material. A 5 ml aliquot will be taken in a 10 ml 
graduate test tube and 1 ml of molybdic acid (2.5% 
ammonium molybdate in 10 N-Sulphuric acid) will be 
carefully added, followed by the addition of 0.4 ml of 
1-amino 2-naphthol-4-sulphonic acid. The colour will 
turn blue. Volume will be made up to 10 ml with the 
addition of DDW. The solution will be shaken for 5 
minutes and then will be transferred to a colorimetric 
tube. The optical density will be read at 620 nm on a 
spectrophotometer. A blank will be used 
simultaneously. 
3.16.1.5. Standard Curve for Phosphorus 
351 mg potassium dihydrogen orthophosphate will 
be dissolved in sufficient DDW to which 10 ml of 10 N 
H2S0^ will be added and the final volume will be made 
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to 1 litre with DDW. From this solution 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 ml will be taken 
in ten different test tubes. The solution in each test 
tube will be diluted to 5 ml with DDW. In each tube, 1 
ml molybdic acid and 0.4 ml 1-amino 2-naphthol-4-
sulphonic acid will be added. After 5 minutes, the 
optical density will be read at 620 nm on 
spectrophotometer. A blank will also be run with each 
set of determination. Standard curve will be plotted 
using different dilutions of potassiri dihydr-^aen 
orthophosphate solution versus optical density and 
with the help of standard curve, the amount of 
phosphorus present in the sample will be determined. 
3.16.1.6. Estimation of Potassium 
Potassium will be estimated with the help of 
flame photometer. After adjusting the filter for 
potassium in the photometer, 10 ml peroxide digested 
material will be run. A blank will also be run side by 
side. 
3.16.1.7. Standard Curve for Potassium 
1.91 g potassium chloride will be dissolved in 
100 ml of DDW, of which 1 ml solution will be diluted 
to 1 litre. The resulting solution will be of 10 ppm 
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potassium. From this 10 ppm potassium solution, 1, 2, 
3, 4, 5, 6, 7, 8, 9 and 10 ml solution will be 
transferred to 10 vials separately. The solution in 
each vial will be diluted to 10 ml with DDW. The 
diluted solution of each vial will be run separately. 
A blank will be run with each set of determination. 
Standard curve will be prepared using different 
dilutions of potassium chloride solution versus 
readings on the scale of galvanometer. The amount of 
potassium present in sample will be i •-1"rmijind Miiith 
the help of standard curve. 
3.16.1.8. Estimation of Sulphur 
This will be estimated by using the^ *:ffim>ll(y!a^ ''-of 
BARDSLEY and LANCASTER {I960) . 10 ml of digested 
sample will be taken in 50 ml volumetric flask. To 
each flask 0.5 g. BaCl2 and 1 ml of acid-seed solution 
(Appendix) will be added. It will be allowed to stand 
for one minute and then swirled until the Bacl2 
crystals dissolves. Turbidity will be read at 420 nm 
after making volume within 10-15 minutes. 
Simultaneously a blank will be run. 
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3.16.1.9 Standard Curve for Sulphur 
A standard curve will be prepared by dissolving 
0.543 g. K2SO4 in 1 litre DDW. This will contain 100 
ppm S. From this stock solution, 0, 1, 2, 4, 8, 12, 16 
and 20 ppm S in 50 ml solution will be prepared by 
dilution. In each flask, 0.5 g BaCl2 and 1 ml of acid 
seed solution (Appendix) will be added. It will be 
allowed to stand for one minute and then swirled until 
the BaCl2 crystals dissolves. Turbidity will be read 
at 420 nm after making volume within 10-15 minut33. 
The amount of sulphur present in the sample will be 
determined with the help of standard-curve plotted. 
3.17. Oil Analysis 
The seed samples will be crushed to get a final 
meal for extracting the oil after separating them from 
extraneous material. 
3.17.1. Determination of Oil Content 
25 g of ground seeds meal will be transferred to 
a soxhlet apparatus and sufficient quantity of 
petroleum either will be added. The apparatus will be 
kept on a hot water bath running at 60°C for about 6 
hrs for complete extraction of the oil. The petroleum 
either from the extracted oil will be evaporated. The 
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extracted oil will be expressed as a percentage by-
mass of the seeds and will be calculated by the 
following formula--
100 X m 
°^ o 
Here, 
m - Sum of the mass in gm of oil 
m - Seed sample in gm. 
Determination of Acid Value 
The acid value of oil is the amount of 
potassium hydroxide spend to neutralize free acid 
in one gram of oil. It will be determined by the 
following method (ANONYMOUS, 1970). 
2 gm oil will be dissolved in 50 ml solvent 
mixture of 95% alcohol and diethyl ether (1:1) in a 
250 ml conical flask. Titration will be carried out 
with 0.1 N KOH solution using phenolphthalin as an 
indicator and the amount of ml (a) of 0.1 N KOH 
required will be noted. The acid value will be 
calculated by the following formula. 
a X 0.005661 x 1000 
Acid value = 
W 
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Here ; 
a - ml of 0.1 N KoH used in titration 
W - weight of oil in gms. 
3.17.3. Determination of Iodine Value 
The iodine value of an oil is the number of gm 
of iodine absorbed by 100 gm of oil and expressed as 
the weight of Iodine. It will be determined by using 
Iodine monochloride method described below: 
2 gm oil will be taken in a dry ground neck 
flask to which 10 ml carbon tetrachloride and 20 ml 
iodine monochloride solution (Appendix) will be added. 
The flask will be stoppered and will be allowed to 
stand in a dark place for about 30 minutes. After 30 
minutes, 15 ml potassium iodide solution and 100 ml 
DDW will be poured into with proper shaking. Titration 
will be carried out with 0.1 N sodium thiosulphate 
solution using starch solution as indicator. Number of 
ml 'a' of sodium thiosulphate solution used will be 
noted. Similar operation will be put into practice 
without the oil and the number of ml *b' of 0.1 N 
sodium thiosulphate solution will be noted. Iodine 
value will be calculated by the following formula 
(ANONYMOUS, 1970). 
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(b - a) X 0.01269 x 100 
Iodine value = •— 
W 
Here, *a' and 'b' are the number of ml of 0.1 N 
Na2S20o solution used in a sample and blank titration 
respectively and 'W is the weight of oil in grams. 
3.17.4. Determination of Saponification Value 
The saponification value of an oil is the amount 
of mg of KOH consumed by Igm of the oil to neutralize 
the fatty acid resulting from complete hydrolysis. 
2 gm oil will be taken in a 250 ml conical flask 
to which 25 ml 0.5 N KOH solution will be added. The 
flask will be attached with reflux condenser and 
heated on water bath for about 1 hrs with frequent 
rotation of the contents of the flask. The excess of 
alkali will be titrated with 0.5 N HCl. The number of 
ml (a) of 0.5 N HCl will be noted. Similar practice 
will be repeated without oil and the number of ml (b) 
of 0.5 N HCl required will be noted (ANONYMOUS, 1970). 
Saponification value will be calculated by the 
following formula: 
(b-a) X 0.02805 x 1000 
Saponification Value = 
W 
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Here 'a' and 'b' are the number of ml of 0.5 N HCl 
used in sample and blank titration respectively and 
'W is the weight of the oil in grams. 
3.17.5. Determination of Fatty Acid Composition 
Following method will be employed to determine 
the fatty acid composition. 
3.17.5.1. Preparation of Methyl Ester 
A 8.0 ml mixture of methanol, benzene and 
sulphuric acid (84:10:4 v/v/v) will be transferred to 
a screw capped corning glass tube of 15 x 125 mm 
containing 500 mg oil sample and refluxed at 80°C on a 
glycerine bath for 3 hrs. After completion of the 
reaction period, excess of DDW will be added to each 
tube and methyl ester will be extracted with hexane (3 
X 5ml) . The supernatant organic layer will be washed 
three times with water. The hexane will be evaporated 
under a steam of nitrogen in a glycerine bath at 40°C. 
The oil samples will be again dried in similar manner 
by adding 3 ml azerotropic mixture (chloroform, 
benzene and methanol, 1:1:1 v/v/v) in order to remove 
moisture, 0.2 ml hexane will be added again to each 
tube and flushed with nitrogen after completion of the 
83 
drying process. Immediately tube will be capped and 
kept at low temperature for chromatographic analysis 
(CHALVARDJICIAN 19 64) . 
3.17.5.2. Gas Liquid Chromatography 
The qualitative and quantative analysis of fatty 
acids in total lipids will be carried out by using 
Nucon-5700 Gas chromatograph equipped with flame 
ionisation detector using 10% silar (5, C.P., 80/100 
gas chrom. Q) glass column of 6 ft x 2 mm. The 
qualitative examination will be accomplished by 
spiking the retention time with authentic reference 
standard (Pure methyl esters of fatty acid and lipids 
of groundnut) . The peak areas will be calculated by 
triangulation method. 
3.18. Statistical Analysis 
All experimental data will be subjected to 
statistical analysis by adopting analysis of variance 
technique according to the design of experiment (PANSE 
and SUKHATME 1985) and the result will be determined 
at b% levels of probability. If the data will be found 
significant, critical difference (C.D) will be 
calculated. Correlation of various characteristics 
with seed yield and quality characteristics will also 
be worked out. 
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J4!P^9i(DIX 
APPENDIX 
Preparation of Reagents 
The reagents for various chemical determinations 
will be prepared according to the following methods. 
A. Reagents for N,P,K and S determination 
(1) Nessler's Reagent 
3.5 g. of potassium Iodine will be dissolved Ln 
100 ml of distilled water in which 4 percent mercuric 
chloride solution will be added with stirring until ^ 
slight red precipitate remained (about 325 ml of the 
solution will be required). Thereafter 120 gm of 
sodium hydroxide with 250 ml of distilled water will 
be added. The volume will be made upto 1 litre with 
distilled water. The mixture will be decanted and kept 
in an amber-coloured bottle. 
2. Molybdic Acid Reagent (2.5%) 
1.25 g of Ammonium Molybdate will be dissolved 
in 175 ml of distilled water in which 75 ml of 10 N-
Sulphuric acid will be added. 
3. Amino naphthol Sulphonic Acid 
0.5 gm of l-amino-2-naphthoL-4-Sulphonic acid 
will be dissolved m 195 ml of 15% sodium bisulphite 
1 1 
solution to which 5 ml of 20% sodium sulphite solution 
will be added. The solution will be kept in in an 
amber-coloured bottle. 
4. Acid-Seed Solution 
6 N-HCl c o n t a i n i n g 20 ppm s u l p h u r w i l l be 
prepared by d i s s o l v i n g 0.1086 g/K2S0^/ l . 
5. Barium-Chloride 
This will be selected in such a way that 1;= 
passed through a 20 mesh (but not-through a 60 mesh) 
Screen. 
B. Reagents for Oil Analysis 
1. Hydrochloric Acid (0.5 N HCl) 
Hydrochloric acid (21.49 ml) will be mixed with 
478.51 ml of double distilled water (DDW) to get 500 
ml of 0.5NHC1. 
2. Iodine monochloride solution 
Iodine (13 g) will be dissolved in a mixture 
of 300 ml of Carbon tetrachloride and 700 ml of 
glacial acetic acid and the resulting solution will be 
divided into solutions A and B. To 20 ml of solution 
A, 15 ml of Potassium Iodide solution. (6) and 100 ml 
Xll 
of DDW will be added and titrated against 0.1 N sodium 
thiosulphate solution. (7) Using starch solution (S) 
as an indicator. Chlorine gas will be passed through 
solution B until the amount of 0.1 N Sodium thio-
Sulphate solution required for the titration will not 
be more than double of that needed in solution A. 
3. Phenolphthalein Solution 
Phenolphthalein (10 g) will be dissolved in ''"^ 
ethanol and the volume will be mad, apt'' 1 li,^e. 
4. Potassium Hydroxide (O.IN-KOH) 
(5.6g) will be dissolved in 95% ethanol and the 
volume will be made upto 1 litre. 
5. Potassium Hydroxide Solution (0.5 N - KOH) 
Potassium hydroxide (28 g) will be dissolved in 
95% ethanol and the volume will be made upto 1 litre. 
6. Potassium Iodide Solution (KI) 
Potassium Iodide (150g) will be dissolved in 
DDW and the volume will be made upto 1 litre. 
7. Sodium Thiosulphate solution (0.1 N Na2 S2O0) 
Sodium thiosulphate (24.8 g) will be dissolved 
m DDW and the volume will be made uoto 1 litre. 
IV 
8. Solvent-Mixture 
Ethanol (95%) will be mixed in diethyl ether in 
1:1 ratio. This mixture of solvent will be neutralized 
just before use of 0.1 N KOH solution in the presence 
of phenolphthalein solution as an indicator. 
9. Starch Solution 
Soluble Starch (1 g) will be dissolved in 100 ml 
of boiling DDW. 
